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REPRODUCING SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To decrease reproduction 
noises and to obtain good/SN and bit error rate by using 
a tunnel junction element consisting of a free 
layer/nonmagnetic layer/fixing layer and providing part 
of the free layer with longitudinal bias layers. 
SOLUTION: A lower shielding layer 1 and the free layer 6 
are successively laminated on a substrate and the 
patterned longitudinal bias layers 7 and insulating layers 
8 are laminated thereon and further, an upper electrode 
layer 9 and an upper shielding layer 10 are laminated 
thereon. The portion between the fixing layer 3 and the 

free layer 6 constitutes a magneto-resistive film. When ^-y^^i.n w 

current is passed from the upper electrode layer 9 to 
the lower electrode layer 2, the current passes between 
the insulating layers 8 arranged on the right and left from 
the upper electrode layer 9, passes between the free 
layer 6 and the fixing layer 3 and flows to the lower 
electrode layer 2. Since the longitudinal bias layers 7 are 
insulated from the flow of the current, the layers do not 

participate in the flow of the current Since the longitudinal bias layers 7 are directly laminated 
on the free layer 6, the free layer 6 is sufficiently longitudinally biased. 
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ftf/fU ±«ff9. 9' ±l:±">-A'Kl0iaiLt 

1 £ ±mmm t <omiz\z±nm*nit?z z. t t-e* So 

[0 0 7 4] ±IELfc*36M^«43tta*«ei^*^ 
y K3 0Oft«)A*Wt LTI4, S*±(w}gJ5fcSftfc.T 
->-vu KJf £ . < £ t— »j6«T5/— A- K±SB»cjgj« 
$4x5^T'>-A K£jftffl£4xfiT*©f £< SttT* 

v^S^r^S. £ fc— SB^S^Tf8«i/i±fc 



S#«/££i-3ffl*«0BBi*«2Oi:. ^S£7y-/f<7) 

£, mmm^^>m-Hzmvx^^±.mmmt. 

$ 4xfc± ->-/u K £ . frb t£ S M^m.tt.%h3k~- y K 3 0 
[0 0 7 5] f*j, ±IEUfc*3BW»=«5!g3«)Afl:0ll»; 

»v^Ttt. sa««»Sisai*^y K3 ot±. mtmrnvn 

-i-c««T*ffi2roJ;IB5^m*S;sn-cv^r £*«S* U 

[0 0 7 6] ft. H] 4 3 CV< y ^— >3 >-X-$>Zk 
Z, *><D->— jv KSir v-y-g|5^A B S m\zWfi\zm^tzM 

[oo77] m 3 y -ji st/^ti/ittiK/w r 

[0 0 7 8] -<0$f3£-CI4, fi^HtWiWi^bTfll 

[0079] z.(dw^ m'<4 r xmten,$i<Dffii%j3\zM 
tt»®rg$n-c^5w-c, -t^wtsu T*\t7v —m iz 

[0 0 8 0] Uc^oT, z<Dm^m^^z.tizx 
££, 7 y-ii:l^7^^J*>A/i:Wt5; £4: 
[0 0 8 1] ^^(r, rwWf3tW5pi^«Sf^<-f TXtm 

i£&m.mmmk<Dm<n®m*7})--m}5iivm'<'(Tx 
mT-misb&ttz. £*s-et, ^sr^paic^-rsr £# 

[0 0 8 2] JEid. ^«ffi^¥taT-fc-5£ j ero±tC^ 

[0 0 8 3] ;:tii T->— /u- K±twTS^S:WS 
£ t^HgT'foSo 

[0 0 8 4] T->-/i-KiTtffi, ±mmt±^ 

-A K«r*fflCt5 lifcTf S. 
[0 0 8 5] TW&/1 £:7y-S£<7}fH(ci4Tffi/f Sr. 

T-#So 
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[0 0 8 6] @5tt^{j:*)ia3W/<y >b VtfcS 

[0 0 8 7] ^y-^fcj:^Kt4gn^^r^g(D 

[0 0 8 8] IE16^(i>9E13o/<y j:— i/g ytfc 

[0 0 8 9] ^f*9, (33 ifflfe«^«H4Sr»* r 

JEK, K3 0(7) 

[0 0 9 0] fip*>, 8 7 1:11, /uKSHr^U-gB&A 

fc< t fc— aw«T5/— a* KS l o±«Bfc*j*S*i*d\ 

I2±i:^sftfc7y-i6i, si^y-seii 
yri5 /BE* 4 /bi£1-5 ■ 3 £ 

M20i, 1^7 U -I 6 W/W 7^1 7 (7) 

tk ±tii 9 iff * nfc±^ k i o i , 
[0091] ±iaufc*«w»:«5«««i7ia*^y k 

3 OCov^TJ: 9l¥iNB^ttW-t-54bli, HI 7 iz^-tm 

fc«^r^i7^assn4o 

[0 0 9 2 ] 7!) —m 6 ±<D&^<Dm^ T^M 7 
COgB^tw, ^SHtfCfcS^ !) 71 5 / IS* 4 /IS 

-t^ms /±mmm 9 &mm s n r *i & «b 7 j: 5 k 

[0 0 9 3] X, TMm/7V~m 6/*SttitJ)5 

y rii 5 /ass 4 /a^i-^s 3 <75«»^«fts«[ 

[0 0 9 4] :<Dffiit"CH, ISI-lilfWlSffi^bTt 
i jjftixSo 

[0095] r^s^ ie^>fT^@{i«5ftro»(tn*fcgi 



[0 0 9 6] LfciJoT, irlcj; 

7 !) 7^ Wilts : i !r 

[0 0 9 7] ;:tli, T^-^KitwTmffiSrajaiL 

[0 0 9 8] x> *3SW»c«4«»S^;a*^y K3 0 
[0 0 9 9] 6n*>, H8t-i4, yi'KSi-fe^SSSrA 

2±\ZMf&£iXt^ iSt5l3/itl4/^tti 
5/7H-16 h 

o^a^7 U -f6l:W)i< £ fc— g|5/WgLTV>-5l8£ 
^7^17 ir, £ fc— SR^^y — Ji6irS 

LTV^s±mMil9 i, *4<it>-»ii J ±«li9© 

±?Bic^^ttsA\ ±wmj§9 kmm£nrc±><— >\> 

V 1 0 t . ^ ib Sm^StrCSd*-^ y K 3 0 Tfo S „ 
[0 10 0] ±IELfc*|§BJ(3^S^g}a^— 5/ K 

tern 5 /Wii&wn £nT^So 

[0101] *<D±\zm<Di. — >ik£tl1Z7 D 

8 is i vm'U 77i7 Tjs-e 0*95*5 ^ y —m e ic^-r 

5 J: ?tcffie£;ftT^So 

[0 10 2] $P>{r-€r(75±gi5iwH±miSS9*J«tt/Ji-> 

-/w ks 1 otmmztiZo 

[0 10 3] X. E^UTH^^V>Til!2S/H*-rSJl 

3 /mfem 4 /mmm s/yj-me 

[0 104] w<73«^T*li, fii:@tK>±W^Ti 
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[0 10 5] Wt'<-<Txm\*7 V-MlztgLX\,- 

ilcft3 0 

{0 10 6] Lfc^o-c, rro*Jt*ffli^wi:twJ: 

[oio7] t->-^ K±KTtt«3r8Ui 

t <b "TfigT-foS,, T->— ^ KiTti, ±*«£ 

[0 10 8] TWMfc^y— Ji£©MfcttTilUi*r, 
KS&BSttg t -h*®g t <E>fflt;iW:.kg|5g&f3:tt5 r 1 t> 

i>7 V — mtf>><9 — Wt:$4xTV^tf«t< , itiUT<o 

[0 10 9] *»W(ci«5«:StffiSiS!)*^s/ K3 

0 6 (OMcftMiz ft -5 fflffig £ W 9 L ft # <b &tt 

[0 110] BP*>, Ei9tc(i, /wKM-fe^SBSrA 

*S0, 0f, S(t;il:MinfcT->-A' Kl l i . '> 
ft < i: fc— gB#T->— a- Kg l ro±gBlc^$ix5^T 
KS 1 iifflSnfcTWHi 2 b , S1*T*ttg 

2±fc»i**itfc, BU£i-4g3/B5feg4/#fl«4g 

*VM4««9fia:«l*tt2 0 t , S^KBttg 5 _btr»fi£ 
g8£. Jf-ffiftJffllgl 1 S:4H-5a»*>3VM4i!:i£K, '> 

ft< tt- g6±{^L-ciag$ix-cv^«s 

&g 9OT±f|5^fife$4x?)^, _h«ffig 9 i*ffl£4X7t 
±->- A-Kl Ot, A»b4*ii:««tttt»iR^y K3 
0^$4xTV>5 0 

[0111] ±EUfc*«MI-«4«jR«SiSft*^y K 

3 0(CO^T4 9P^lftB^5ftlb(4\ Hl9(r^:i-^ 

[0112] ^-m±i:0(DJ: — >-ft$Hfc7 y 

[0 113] **^JIr»tt5S^#ffiffiiJ»g 1 1(4. 

[0 1 14] ^WtcM-ltSiifM^'f 7fi#EfM 



ill lKiijeWtaSnS^tSri^^hn-yuSftfc 
7y-g6l;iEWJD£;fx5o 

[0115] 7D-16 <D&&ia-ttmLmtf&W:£iir 

g 1 0riMKg$*l-5o 
[0 116] El^:L-CV^ftV>T±t!lg/'S^-t--5g3/@ 

ism 4 /im&m 5 y -a 6 ©S8^3»s««t«gta*» 

[0117] zro«iS"eii. (Sl=H+ro±«*i*»e»T« 

*g, 79— m. mv&m. @5£g, 

imm^ r^-gi4*6^gftw-c\ mawsfttv^tcBi-^ 

irt4ftv\, 

[0 1 18] Sfc, i^7^ifi7!l-fi:«Utv^ 
srot. ^cD^WT^ii^y-giw+^^nstvsr. 

t. 7 v—mizm'U *>A/tEMDi-si t 

tL-TZZbtfXZ 5„ 

[0 119] r r.Ti4, T->— ^K-hi-T^g&Slg 

KtwMCT^i y7*ii L-C^g«riefi-r5 r 
[0 12 0] Sfc, T->-A- KtT«S. ±*1Si:±-> 

b<nmizteTmm*. K%m.&mb±wmmb<Dmmt 

[0121] ^^-CJ4»«ffiet«b*Wro5*>-7y 
— i©^5r/<?- >"ft;b7t^-l-ol''-C^bfc^, '>ft 

< 1 1>7 y — g/$$/^— >-{t:$n'Cv^(4*<fc< , tna 

bftX'%%, 

[0 12 2] #«93fc#5«fc«#M9l*~S' K3 

Oco^7<DA($:M^S1tfiS;Srl2l l o Sr#RS uft^ 

[0123] BP*>, 111 1 Otcii. ->-/u KM-fe^f-SBS: 
'>-ft < t fc— a5*ST*>— ^ K 1 OT±gi5{C^$tl-5^T 

->-/w k 1 1 *4xfcT*«« 2 1 . m%Tmmm 2 
±{^^$nfc, Hje-r5g3/H^g4/#«ttg5 

/7 y -g 6 f 53M£t£ h >*/u»etl*& 

L < liBmj£#t2(l*B£ 20t, '>ft < t 
Ilti5l:iLtiJ>), E.oi&<Dn&tf%&7 D-I6 
l:f Ltv^»t:W^M7^i7 '>ft< 1 1— SB 
^31^7 y -g6tr^LTV^±«1Sg 9t. '>ft< t 
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[0 12 4] ±EUfc*«Wlw«5*«tttt«!i*^y K 
3 0twOV^TJ:9»#l»c»W-t-fi4btf, Hi OK^r 

im:t^kk Tii2, a^-r^g^ 

[0 12 5] tw±i:Bwi Wfc£ftfc7!J 

[0 12 6] S«MWk»«^>f T^Jitt, IMMattMB 
[0 12 7] *e>*Z'tO±SBtCtt±«1B«9i3«tG c ±^ 
[0 12 8] HSSntli^4v^T»i/lSt5i3 

/ei/Eg 4 /mmm 5/7u-i6 on^^sftsst 

[0 12 9] r^«i&-ett, fcteH+O-hWft^&T* 
g, *«f4Ji, H5£g, B£1-5S&)GJfciIi8U TM 

[0130] nt^>f r^«w:7!;-jifc»uTv^ 

[0 13 1] rr-eii, T^^K±tTWt*i 

— vu K coffin T=? ty^li UT*6»Ji SriEfi-f 3 r 

± K*:*fflKi-5 life* 5 0 
[0 13 2] T«Wii:7!;-Jii:0|HlfcttT*«*:, 

[0 13 3] IBLfcHl^bHl 0O#*#«^»»t 
Sr, il4^bi20 tw^LfCo ::t11 «^7^ 

[0 13 4] gp*>, g]l 4-0 2 0<D¥-ffim\t, *38W 



[0 13 5] Mill 0 1 4K»tt3E«A<758B#f4, 

**:^U XE«Blt *ffitC*6»/i8dqWEU -t<0 
TI-*«ttJi5, i%!4, H^-rSJf 3, Tli2S 

[0 13 6] R«Rlz % K«C^»l^TI4, *«ffi*s±*> 

[0 13 7] X, E«DI4, *«B* s ±^-vuKJB l 0 

ge, »15, Kt§l3, Tii2 

S U'T >~ Kg 1 z. (DM^-mm^t L * b i%X ^ s * 

[0 13 8] K«Eiw»t^TJ4, **ffi#_b>'- 

9, I6il8, #W15, 1^14, (g^i-^g3, 

Tli2MT>'-^ Kg 1 j&sr <0lBK:*«i£L»&ft 

[0 13 9] £ATmi 5— HI 2 OCOOl^tKD^y Ktf> 

[0 14 0] X, i:|BLfc*«Mlw«5««;«Ka*^ 
* KI4, v— ^ KS!«*aa:«i*^y KSr#Mti-Sfttt 
014: LTBiSSL*:^ ysK5&8t£ h 

t^lftftV^tt«««gtjailUIII4, 3-^IoI«i 

[0 14 1] X, *«Wlcffi5-t^teof||«i: LTtt, 

ct a'^^ffifct^m > ^ x a & ttKK«E«tt#<0«w s 

[0 14 2] EATJ-*l6PJi-»v>-rteffl$ix5#aJB{c 
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[0 14 3] EP*>, ±fEL/c«(C^P^{Z^^)^Sfei 
$h$k^V K3 0<7>l$rffifi§igi Utlt ^<H7iS 

[oi4 4] ia»w*^y (Dmmm^^^x 

[0145] S^iz_b|E L/c 7 «JH^ AttMKJH ^tf 

[0146] £ # 

T/U^y?, SiC, T/U^, T y 9 /T )V ^ S 

KJf 

NiFe, CoZr, ^fcteCoFeB, CoZrM 
o , C o Z r N b , CoZr, C o Z r T a , CoH 
f , C o T a , C o T a H f , CoNbHf, CoZr 
Nb, C oH f P d, CoTaZrNb, CoZrMo 
N i FeAISi, *ffc#**f!ph MnZn7x 

7^ h> NiZn7x7-ih, MgZn7x7-f h^b 

Au, Ag, Cu, Mo, W, Y, Ti, Zr, Hf, V. Nb, Tart* & 4 

y-f-Y^r> K9-f Au, Ag, Cu, Mo, 

W, Y, Ti, Zr, Hf, V, Nb, Ta«M» * 5 ^Jf 

Au, Ag, Cu, Mo, W, Y, Ti, Zr, Hf, V, Nb, Tart* & 4 
_Lv— /u Kg 

NiFe, CoZr, SWiCoFeB, CoZrM 
o , C o Z r N b , CoZr, C o Z r T a , CoH 
f , C o T a , C o T a H f , CoNbHf, CoZr 
N b , C o H f P d , CoTaZrNb, CoZrMo 
N i F e A 1 S i , *ffc|*S*ttSk M n Z n 7 ^ 

7^ K Ni Zn7x7^ K MgZn7x7^ bfrb 

Ml, tei^fe 

t&IMi 

^+*yK5^^*-*y*»5>45»#» ^g 
Alfttft, SilMt** &ffcT/us = *i^ Sft^ya 

±^rt77 P f 



-bgBg 

Au, Ag, Cu, Mo, W, Y, Ti, Zr, Hf, V, Nb, Ta^5>* 

CoCrPt, CoCr, CoPt, CoCrTa, F 
e M n , N i M n , N i N i C o BMM** Fe®£ 

NiFeBMfctt* I r M n , PtMn, P t P d M n , R 
eMn, Co7^ys( h, Ba^^-f h^b*S*ff, # 

[0147] **w»w»*t«s*a«Kaa:a*^y 

[0 14 8] gp*>, 

Sttl/i2MRxy/Ny^l/i^i/iJf^l/ 
MS 

• »*/T«wi/Hfti-6a/Hjea/JB 1 mrx^ 

^i/^H41/f2MRxy/>y^i/7y-l/ 

(mm 

•a*/ (Tis«/BSi-5«/@5£«/»iMR^ 

^>'^I/*»ttl/S2MRx^>'^i/7!;-i 

■ mfc/rwm/m 1 ei^-rsg/sj 1 a**/* 1 m 

Riy/N^|/«iti/i2MRiy^y^l/7 
y -l/$3MRiyA^i/»ttl/i4MRx 

/) £NE]|fc0igLfflSL;fcJf (NttlKl) /H5£Jf 
/Ml 

• Sflc/TftSS/ (7y-i/^lMRxy/Ny^i/ 

ww&m/% 2mrx ^^*m/wm/tm!&m 

• mte/T*&m/7 v —m/m 1 mrx^^^i/* 

Ittl/»2MRiyAy^l/iSl/ftM 
[0 14 9] Sid, **w«wtt»satt«««»ia!i*^ 

yKl:Rv^t«fflSh5T«ltLtlt AJR. HMC 
«fl:**»6 4 *fctt*aBI*r 

[0150] A^Wtwti, T a , H f , Z r , W, C 
r, Ti, Mo, Pt, Ni, Ir, Cu, Ag, C 
o, Zn, Ru, Rh, Re, Au, Os, Pd, N 
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[0151] jRjDTcSi: LT, Ta, Hf, Zr, W, 
Cr, T i , Mo, P t , N i , I r , C u , A g , C 
o , Z n , R u , R h , Re, A u , O s , Pd, N 
b, VSrfflV^^ifc"e#5 0 
[0 15 2] T*JBI±ffli^4v^»-&tfc5 0 
[0 15 3] *«WfC»ft5S»E«ftl«gta*^ 
y Kl:»^tffiffl5n5 7 y -It ttli, NiFe, 
C o F e , NiFeCo, F e C o , CoFeB, Co 
Z r M o , CoZrNb, CoZr, C o Z r T a , C 
o H f , CoTa, CoTaHf, CoNbHf, Co 
Z r Nb, C oH f P d, CoTaZrNb, CoZr 

Mo n i ^Sfcttr^77^ltt»»tffl^5:t 
[0154] jEiw, *36MJc»*t5a«a»a«iSft*^ 

[0 15 5] «ifi, ttlKtth^^tt^At^ttttJI 

m<»m&m tt< \*&m/mm 2 mm, &m/mtm 

[0156] X. Ti, V, Cr, Co, Cu, Zn, 
Y, Zr, Nb, Mo, Tc, Ru, Rh, Pd, A 
g, Hf, Ta,W, Re, Os, Ir, Pt, Au, 
Si, Al, Ti, Ta, Pt, Ni, Co, Re, V 

te^HibtTi, V, Cr, Co, Cu, Zn, Y, Z 
r, N b , Mo, Tc, Ru, Rh, Pd, Ag, H 

f, Ta,W, Re, Os, Ir, Pt, Au, Si, 
Al, Ti, Ta, Pt, Ni, Co, Re, W (Dfkit 

[0 15 7] *BSi4a«w5»«*attSS:ffl^fc««[ffigi 

a*Ht<75»-&tt, Ti, V, Cr, Co, Cu, Zn, 
Y, Zr, N b , Mo, Tc, Ru, Rh, Pd, A 

g, Hf, Ta, W, Re, Os, Ir, Pt, Au, 
Si, Al, Ti, Ta, Pt, Ni, Co, Re, V 

(DWtfc. &mm. U^m. Sfei±:K5)iTi, v, c 

r, Co, Cu, Zn, Y, Zr, Nb, Mo, Tc, 
Ru, Rh, Pd, Ag, Hf, Ta,W, Re, O 
s, Ir, Pt, Au, Si, Al, Ti, Ta, P 
t, Ni, Co, Re, V<Dm&. ^MB, S^iW 

[0158] Si fc , ±tJ { S2MRxy/>^li: 
Co, NiFeCo, FeCo^, ^fcliCoFeB, 
CoZrMo, CoZrNb, CoZr, CoZrT 



a, CoHf, CoTa, CoTaHf, CoNbH 
f, CoZrNb, CoHfPd, CoTaZrNb, 
C o Z r Mo N i ^SfcliT* ;U7 r ^BttWSrffl 

C»t5I8ftl4IBIt5. 

[0159] *550JJ-»V^Tffiffl$K5H3eHi: It 
li, NiFe, CoFe, NiFeCo, FeCo, C 
oFeB, CoZrMo, CoZrNb, CoZr, C 
oZrTa, CoHf, CoTa, CoTaHf, Co 
NbHf, CoZrNb, CoHf Pd, CoTaZr 
Nb, Co Z rMoN i^ifclt7*/U7r^«tttt 

[0 16 0] riX&t, Ti, V, Cr, C 

0, Cu, Zn, Y, Zr, Nb, Mo, Tc, Ru, 
Rh, Pd, Ag, Hf, Ta,W, Re, Os, I 
r, Pt, Au, Si, Al, Ti, Ta, Pt, N 

1, Co, Re, V it5 ^/U-^^ ?> 4 5 * 

[0161] Co/Ru/Co, CoFe/Ru/Co 
Fe, C o F e N i /R u/C o F e N i , Co/Cr 
/Co, C o F e /C r /C o F e , CoFeNi/C 
r/CoFeNilitMRit*5, @£-f-2>« <t L 
Til, FeMn, NiMn, IrMn, RhMn, Pt 
PdMn, ReMn, PtMn, PtCrMn, CrM 
n, CrAl, TbCo, NiSffl, FeSftft, N 

m<r>m&m, NiiwcoS?«2iig, nik^ 

egfMfc^Jltt* CoCr, CoCrPt, Co 
CrTa, PtCoftifSrfflV^Ii^-eSSo 
[0162] PtMntK^PtMnCTi, V, C 
r, Co, Cu, Zn, Y, Zr, Nb, Mo, Tc, 
Ru, Rh, Pd, Ag, Hf, Ta, W, Re, O 
s, Ir, Pt, Au, Si, Al, Ti, Ta £r$S#D 

[0 16 3] X, aRMiiLtli, Ifeflrtb, »k 

m. Am/mm 2 mm. &m/ {m^mtmcmtto 

[0164] Ti, V, Cr, Co, Cu, Zn, Y, 
Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag, H 
f, Ta,W, Re, Os, Ir, Pt, Au, Si, 
Al, Ti, Ta, Pt, Ni, Co, Re, V^BMfc 

£Ti, V, Cr, Co, Cu, Zn, Y, Zr, N 

b, Mo, Tc, Ru, Rh, Pd, Ag, Hf, T 
a,W, Re,Os, Ir, Pt,Au, Si,Al, 
Ti, Ta, Pt, Ni, Co, Re, V<DmikVotS£ 
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[0 16 5] Ell7>>ibEll 0l=:R*W«:^Ut« 

[01661021 (A) - (H) (411 1 ic^ Lfefllig 
[0 16 7] Sifc-htcTv—A-Kl, Ttt«2. BSftffi 

[0 16 8] Mir, PR«r»fifcU »tti5JT'; y 

[0169] »y h*7L-ttmz. TW&2t>wm-rz 
t. x-mmmn s zK&n u _k*js 9 & tr± k i 

0 Sr^fig-f-So 

[0 1 7 0] (21 2 2 (A) ~ (H) (4, El 2 ic^ Lfc# 
[0171] S»±(3T->-/w K 1 , T««2 , 

ffi3b£Hl 2 o frJOWaft*-*-*. 

[0 17 2] Jtro±l:^f>->;UPR^L. 

[0 17 3] PRJMU -httffl 0*J*l»Lfc«»c 

U7ht7ti) 0 pr«u ffi'UT* 7Rvmm 
[0174] TVM2f>mm-rz*-cmmm&8\zft&> 

tt U _h->— ^ K 1 0 Sr^-T^o 
[0175] — IH 2 3 (A) ~ ( I ) 14, El 3 \Z^k 

[0176] atff±J=T->— K 1 . T««2 zmfcM 

[0 17 7] JEK:, «*«^[J»*IK2 0, ±*ffi9£$; 

[0 17 8] |fi*J|8*jftML U7ht7L 

1= . T«M 2 # B til i" 5 * "Cl&aJi SB 8 K ft fc 
L, ±->— ^ K 1 0 

[0 17 9] ft. El 4 ~EI 6 {C^ Lfc«jtW^ s/ Krof^ 

[0180] HK, El 2 4 (A) ~ (H) 14, M 7 

[0181] IP*>, SftlCT'^Kl, TIM 2, 
«*Mffl5tS**BI 2 0 . ±«8I 9 *m&Mf$.-f 5o 
[ 0 1 8 2 ] ^cO-kt^-^v-v'A'P RSrfl^U 7 y — 

[0183] Htc, P R SrJgj* L, JfcAOf r*« 7 &j* 
BJLfc«. H7ht7f5, MlC igf8WL, 
^•5*yMA=*y^^7yyy (CMP) l^iOftS 

2 />mmi-^^X't&mmu 8 z-xhi-t u ±->— a* k i 



0£)£fi5c-r5 o 

[0184] W:, EI 2 5 (A) ~ (H) 14, El 8 \Z7ji 

[0185] oSO, S($:il;T'>-^ K 1 , TWS 
2, ttftM&ftgb&Ot 2 OfclKfcJt&Si-a. ^(^±1^7-^ 

te#g8*3 4t>'^^r^Jl7$rllI&^L, !)7 
I>t7t5. 

[0 18 6] Mil, PRSr^/SU ISii8Sf5 y > 

[0 18 7] El 2 6 (A) ~ (F) (4, Ell 0(3 

[0 18 8] IP*,, l*±l:T->-;i'Kl 1 TMM2, 
««ffift»*«2 0, ^ffifrJi»jf 1 1, S^7^|7 

&»II#:^j5£1-5o ^roll^fy^PR^l, ^ 

7 t-t7f5 a 

[0 18 9] Tttffi2^SfcBi--54-e^Sgl5 8Sr?i:fc 
ttU ±tffi9SO ! ±->-/l'Kl O^MtS, 

[0190] ffi, El 1 0 v KflS 

igc7?^#)ii(±El 2 5 izm L/c El 8 W« 5g©*& tlSlC 

[0191] fcfc, *«W«5fffi£#W«r, JS»0>J*tfM- 
ittl El 2 7 75SEI2 8Sr#RSL**s?)J:9 

[0 19 2] ^r-ettBl3^ffiai-5«jgW#-&*W^ 

[0193] IS 1 : Tv'-A- P R^J&S 

t>*5 y Vi7'4fc(4y 7 h^K: J: <9 El 2 7 (A) 

5. JtlTi-*3V^Tt,lslD) 

[0 19 4] -tcom, T^r> v71oJ;t>-T®^^^i- 

[0 19 5] Ig2 : PRMW5 >y\z£VTW. 

EI2 7 (B) i:*$n5il:/<^- >it-rz>. 
[0 19 6] Ii3 : El 2 7 (C) (C^ £4x-5#K: y 7 

[0197] IS4 : m^T^m^ — ^it<Dti)fb<D 
PR«U E127 (D) lOT^WIWtl:?!) 
V^U, P R Srf^i Lfcii: TMRiSVltSI 1 Sr 

[0 19 8] IS 5 : El 2 7 (E) K^nS^TM 
RJ»/<*-Vte<75fcft(75PR£^U TMRK/<!) 

[0 19 9] Ig 6 : El 2 7 (F) (3^$ixS^tC P R 
«T»J*U ^<yrS, 7!)-l. TflSS, »Wlt5!) 



(15) 



000-228004 



[0 2 0 0] Ig7 :EI28 (A) iC*SnS«J-±* 

y ^ h^^-r^o 

[0 2 0 1] Ig8 : ID 2 8 (B) JC^$tt5«^±« 

[0 2 0 2] XS9 : E9 2 8 (C) »C^Sn4«t-*6» 

fcSizy "7 Ft7« D 
[0 2 0 3] III 0 : El 2 8 (D) ^ £*L5*£^± 

[0 2 0 4] Igl 1 : [212 8 (E) l^£ft5«fc:E 
»^y KWf^rilSrf^fiR-ra. 
[0 2 0 5] Eft^y K«ttif<DJ: 5ii^tW"C* 

[0206] ^tr, *fr*ara**#s^«iwf*ixufc 
[0207] BKzttflt^n-ci^stv^j&s, z.<D&mmti, 

[0 2 0 8] mTtiEI3(75l*f3t^#^<D^^oV>TlE 
4Lfc*, Hi, El 2, H7-B 1 0<£>*5gtf>4§'&fcl5 

[0209] m 2 9 B\ El 2 8 C/Tflg 1 1 

[0 2 10] Jfcfc:, #S8W<BE«S£-^y KXtWE»S 
£ > 7, x ^ — coiiffl #J &r*i~ 0 

[021 1 ] El 3 0 tt**WSriaffl LfcE««£^y K 
5 (XDWL&MX'hZo 

[0212] UStt^y Ktt, ^tf 4 2±fcS£^y K4 
5 <b, %4£4 3, =^/U4 1 , ±#£®4 4, &t>*E^— 

[0 2 13] rco— s/ K50H<t9, fS^ff-b^ff^- 
£ Q H4^s/ K<0«*gffl#J:, E»^y K<E>««¥* y 
:it El— <t 9y^lw|B«Flw<iUlft**s-et5. ^<£> 

[0214] X, 031 tt*#W<0«««ffi»**^ * 



[0215]^y M7>f^S:*ia4aS5 2±^, 
R4^y K5 1 fciVES^y K5 0*«fiJL, 
E*Mttt5 3±l:ffil?ftLtStS:fT5o 

[0 2 16] E«tt<*5 3ttEHEU K*9^~ 
ttE«a*5 3W±fc, 0. 2Mm^T^ja$, 

[0 2 17] r<7)1S«|{cj:^ x K5 1 ttEMK 

#5 3fcE*£ftfc**WflH*«r, *©itiB»5 4^ 

[0 2 18] KTK, *3BMtr«5S««ft«»ia!l*^ 

[0219] ( 1 ) h y Ktf>»& 

[0220] *ia^it«^^*^, se*w^E«snr 

S^BS^: LTtt, T a (3nm)/Pt46Mn54 
(2 5 nm) /C o90Fel0 (5) /R u (0. 
9) /C o90Fel0 (5) /A 1 ^fb^ (2 nm) 
/Co90FelO ( 2 n m) /N i 8 2 F e 1 8/ 
(8)/Ta (3 nm) £rfflV^ 0 

[0 2 2 1] Wil:fi2 5 0t, 5P#M<^fl&&a& 

[0 2 2 2] —y Kfc#]BR1-*#«»fc bTfiWT^t 

[0 2 2 3] 2v\COT)\/^v ^ ±\ZT/^^-r 

& 1 0 v mil Lfct^ 

Tv"- KJi-ffS 1 M m<7}C o65Nil2Fe23 

(IWtia t %. £ATI*IC) 
Tlii-Ta (5nm) /A u ( 6 0 n m) /T a 

( 5 n m) 

Itil-Ta (5nm) /A u ( 6 0 n m) /T a 
( 5 n m) 

±v—/U KJf 1 M mOOC o89Zr4Ta4Cr 

3 

*&jSJf — J¥$ 2 0 nm^7/^;t 

g/^T^l-Cr (lOnm) /Co74. 5Crl 
0. 5Ptl5 (3636nm) 

[0 2 2 4] ^<Z)^y K&I2 3 0<Z?cfc 5ftE&S£--ffc 
1^7 Kl:iDl*5j:t;^7^^DIL, CoCrTal 

h 9 y * Wtt 2 *i m <b Lfc 0 
[0 2 2 5] TMR^T-p|5<7)ADXi3{i I i5rfflt^:7^ 

*^y K»<D3^yufflf^jBg;Wpw7* h hSUUXfl 
122 5 Or, 2B#ffit L/t Q 



(16) 
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[0 2 2 6] -<DT.U\Z£ 0 S#fi*fBl^ 
flW«EllEU BS«t69t»*Sll^i:L'CEL<«iffL4< 
2 0 0t, 5 0 0OeM^ 1 «FBfl|C0*flSi»^ 

[0227] r^#«iRjaa^ c t-5 7y-a<owkSfi 

[0 2 2 8] OkOe, MrTfj: 

0. 3 5emu/cm^U: 0 K^l^^K^fflt> 

[0 2 2 9 ] »JS!fe**KTt-*i-« 

[0 2 3 0] S^tti^fl3. lraV^J<, S^ffi^l 

***«i-*iE»w*»*»t*n«if»<«v^^ s/ 

N*21dBifi<, t"7hx7-l/-ht)ixi0' 3 
[0 2 3 1] ^nttW*«*tC^yU^/Nr>-tfv > />f X^S 

[0 2 3 2 ] @1 l<^«if-ett, Wt'<4Txmt7V- 

*^/>f x<Dis«^*#uft^ofcfc*fc#«snfco 

[0 2 3 3] 1 mV 

S*a****«i-filE«kH*JIIJft(R-l 7 0KFC I 

S/N 2 1 d B 

try h^~U- h-- 1 X 1 0" 3 

[0234] ^m<Dmmmt it, hi-hi 

0<*>«igO^y Kfcfls/SLfc. Ht^«trtt2 5 0°C, 

[0 2 3 5 ] F^SM-Ta (3nm)/Pt4 
6Mn54 (25nm) /C o 9 0 F e 1 0 (5) /R 
u (0. 9) /Co90Fel0 (5) /A I tt^tt 

(2 nm) /Co90Fel0 ( 2 n m) /N i 8 2 F 
e 1 8/ (8) /T a ( 3 n m) 

a{£"-J¥£ 2mmC0T/U^-/^±iZT/U^^Sr 1 0 m m 

[0 2 3 6 ] T*>— KS-*/5$ 1 // m<DC o 6 5 N i 
12Fe2 3 (M(j:a t%, JWTP) C) 
Tlffil-Ta (5nm) /A u ( 6 0 n m) /Ta 

( 5 n m) 

llii-Ta (5nm) /A u ( 6 0 n m) /Ta 
( 5 n m) 

±>- — KS---i¥$ 1 m<7}C o89Zr4Ta4Cr 



3 

IftlSJI-jp:* 2 0 nmOTy^t 

i^r^l-Cr (lOnm) /Co74. 5Cr 1 
0. 5Ptl5 (36nm) (01 2<Di^»^» 
<) > 

Ba7x^F (5 0nm) (@1 0^M^) 
SI»i-Cu (1. 2nm) (0 9 <nm$L<Dm&<D 

[0 2 3 7 ] KSrB3 0<DJ; 5 *1E«B£— # 

KrtIfcit;^7-f^DXt, CoCrTa^ 

y^BH3 a/ m, yrmo. 2/ira, 

ii*h7 5/^fflli2/zmtU, TMRi^rtll: 

[0 2 3 8] &Z\L^yVn<n^4J\'nftj®8f<r>7* 

hWy^hfftIgfi2 5 0°C, 2B#K£Lfc 0 

[0 2 3 9 ] r^xe*w±!9*5fett*^i(SS*rRlS:rPlV> 

x^^irti^b^^m^m^^m^^m^m^ 
ft # emeu *«taas***^i:LTjEb<»f^u4< 

2 0 0°C, 5 0 0OeW^, 1 B#^<^«^M 
[0 2 4 0] ro««J»«HB»cJ:4 7y— Jio«ft*» 

[0 2 4 1 ] jttftC(75fiHK*tt3. OkOe, MrTIi 
0. 3 5 emu/cm 2 £ Lfc 0 K^Ufc^y KSrffl^ 

[0 2 4 2] mJit!(^^5fe^J (0 1 2 <0«ig<Z>i§£O fc 

[0243] u&>u *«^<o»^i±^-rn^»&tfie 
*wtJt«b-cs/N*$»at-gsnT*3 9, ^5/hx7 

[0 2 4 4] mte, Bia»bHl OK^LfciS&IK 
'<4TX<D'pft< H-SMgjg»ft* : FtW7!J 
-*tt»teafi-SJ: 5 4«3ft»ci-*i tic J: 9, 7y- 
■ Jw*»*c|SE/<>f r^*«Pn*D*ix* ± 5 Id* 9, ^m<t 
LT^y-So^vu^/N^if^y^X^qSMLfcfcfe-e 

[0 2 4 5] H^C, ^y K1ffig-e<7?R-H/U— XSrM 



(17) 
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m a mn mi 

(tt3KM) 

W£ffiA(mV) 3.1 3.0 

IE®S*JajK*(kFCI) 170 180 
S/N(dB) 21 31 

1X10" 3 1X10~ 7 



[0 2 4 6] 



18 HlO El 9 



3. 1 3. 1 3. 0 3. 0 3. 1 3. 1 

190 185 190 185 185 180 

30 31 31 30 29 29 

m& mtc. m& m& wi& i*] 



EAT 



[0 2 4 7] (2) ^ y KO*& 

[0 2 4 8] S^Kifctfcofcfei;:, «*0![fcJE*c$*LT 

[0 2 4 9] r.<^^^t°V/<yuy^t LTte, /Pt 

( 2 nm) / I r 2 1 Mn 7 9 (5nm)/Co90F 
elO (5) /Ru (0. 9) /Co90FelO 

(5) /Cu (2nm)/Co90FelO (lnm) 
/N i82Fel8 (3) /Pt (2 nm) SrfflV>fc 0 

[0 2 5 01 R»rt«l:f42 3 0t, 5^<7)»S: 
J*fflt«FW»#i:ttiS*i"5*rftl^5 0 OOe EP 
JPLoofifofco K«r«*i-«#«*t LTiiWT 

[0 2 5 1 ] 2ramW7^fi/^i(:7^; 
1 0 ju m3SJf L/ii^CO 
Tv"~ KJl—fl£S 0. 3 /im(7)C o65il2Fe2 
3 GfijAtta t%, UATIHC) 

Tlll-Ta (5nm) /A u ( 6 0 n m) /T a 
( 5 n m) 

_hfltffiJf '"T a (5nm) /Au( 6 0 n m) /T a 
( 5 n m) 

_bv— yu KJf— 0 . 3 // mCOC o89Zr4Ta4 
C r 3 

*6<*S •■•/¥§ 2 O nm(D7y^;t 
i/^r^I-Cr (5nm)/Co74. 5Crl 
O. 5Ptl5Cr ( 1 2 nm) 

T^yTTI-fcL 

[0 2 5 2 ] ^co— y K&EI3 0<D<£ ft 
y Kfc*nX*5.fctf*9>f yjbDXL, CoCrTa^ 

[ 0 2 5 3] Z<D^, ♦ £ii*h7S/*ffiW:0. 5// 
m, »#i4**ty^li0. 0 8 ^m, Bt*ii* h 7 y 

?m\*o. 2/xmtbfcc ^trw</u^*?-»ojnixtw 

[0 2 5 4] K«B^ = >f^aBfPj*W0 7* 



[0255] r^xmi-J: , 9**li^^S^^^5:rS]v^ 
Ip]#EHEU *fttttt»**^i:L-C]Eb<»f^L*< 
18 0°C. 500OelW, 1 ttlHOttttlRUa 

[0 2 5 6] c aVtKfNt&at:: «t 5 7 y -m<DMik&§> 

[0 2 5 7] Jt#©ft«A{4 4. OkOe.MrTIi 
0. 3 8emu/cm 2 i:U:o KffL/:^7K?:fflV^ 

(jatttt) , try hfc»*ufc 0 

[0 2 5 8] W£te*SrKTK:*1-o St^(t3. 8 
ni5if*<*V^S, S/N^20dB^|g<, ^yF^ 

[0259] ^iii»t«fi:^^^!?*yy-fX# 

[0 2 6 0] S4tU*-3. 8mV 
S*m*****i-5IE«k»*««*- 1 8 0 k F C I 
S/N 2 0 d B 

[0 2 6 1 ] Rid, *36M^3616«fcUTHl-l2l 0 

[0 2 6 2] WtCfi2 5 0t, 5B#WC0|^M^Sr 
j*KWw«»i:tta[*i-5*|p]^5 0 0Oe«#*PP 

[0 2 6 3] * tV/<^7'i-/ P t ( 2 n m) / I r 
21Mn79 (5nm) /C o90Fel0 (5) /R 



(18) 



2000-228004 



u (0. 9) /C o 9 0 F e 1 0 (5) /C u (2 n 
m) /C o90Fel0 (lnm) /N i 8 2 F e 1 8 

(3)/Pt (2 nm) 
ft*— 2mm07/^y^±l:r/U$f4 10/im 

T'/'^ KJf •••JP§ 0. 3 a* m<7)C o65Ni 12Fe 
2 3 (f»a t % % JWTI^C) 

Ttli-Ta (5nm) /Au( 60nm) /T a 
( 5 n m) 

n rn) / A u ( 6 0 n rn) / T a 

( 5 n m) 

_h^— fV Kg-"J¥£ 0. 3 ju m<^C o89Zr4Ta4 
C r 3 

(MWi—*S 2 0 nm<7)7Vl^-}- 
H/M7^f"Cr (5nm)/Co74. 5Crl 
0. 5Ptl5 ( 1 2 nm) 

[0 2 6 4] ~oo— y KSrH3 0(7) J: 5fclESkW£— 
K^ADXJoJ:^^^ yiPXL, CoCrTa^ 

[0 2 6 5] ^(7^ »#a*h9y^«li0. 5m 
SlCtt^-y^^^XSSrfflv^fco 

[0 2 6 6 ] *#5i*-^y KSB^^^/^f^jS^^* 
hBMtXStt2 5 0t, 2 WIHI i: Ufc. r<OX 

K»**^i:U-CjEb<«if^L4<4ofc«)-C 1 

K«5*5J:tflE«^y KSflJffrSil*T««^ 2 0 0°C, 5 

* /£ Bill Ell 

(«*«) 

*?£fcb2KmV) 3.8 3.9 

BE»W^«fi»(kFCI) 175 185 
S/N(dB) 20 33 

2X10" 3 1X10" 7 

[0 2 7 8 ] ifelz, *«M*igffl L-CKf^StifcaS*^ 
[0 2 7 9 ] aUR^-f^^JSHtt^-^itcatlCOBH 

[0 2 8 0] ^g(5i:{4 3 2 feTy h VtSM^ 
ft£ 0 W^ff << x?<DffiWilzte6iSM<D'^y KriSgfig^ft 



[0 2 6 7] r<o»a«&4a»wj:5 7y-Ji<^«>fts* 

ft##>ofc 0 

[0 2 6 8] fflC*^«»*tt 4. OkOe, MrTIi 
0. 3 8emu/cm 2 tl/: 0 

[0 2 6 9]Kf^Lfc^yKtfflV^ S4ffi*. S/ 

[0 2 7 0] «eiS*«:KTI-*i-. 

[0 2 7 1) W^Uft^y Kt«V^, teU*, S/ 

[0 2 7 2] WfcfcJftfcWTKlS*-*-. SfTJfi^tS*0»J (EI 
[0273] S*aj*tttt*«itO»^t* 

[0274] l^u *«M^*&ttv^-rn^»-&t«e 
[0275] rnfi. Hiatal ofc*Lfc±5ftiK 
s n*ahfw«E/ m r * a* wan £ ft 5 ± 5 k * t> . t 

[0 2 7 6] jUKld, ^ y KfflfaS"C^R-H^— T'SrM 
y C/^^^*«3g(7)^^^^LTMgi^(C^#$ftT 
[0 2 7 7] 

El 2 i3 117 08 UlO S3 9 

3.7 3.8 3.7 3.8 3.9 3.9 

190 180 195 190 185 185 
34 33 33 34 30 31 
[Wife (Wife (Wife (wife |*)fe 



/nis^ - * tmm $ ft r v ^ . 

[0 2 8 1 ] rV^^^Igfi4 6mm"Cfc!), X — 9 
KilSl Omra^M 0raraSt'4:ttfflt5o 
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[0 2 8 2] *KHIi« /J^^Vfa-^-W^-gBISti 
i»Sft#5^f>2 0>#'W KDt5ffl-C*j-5^<^7-Y 

[0 2 8 3] 

[«wo>3(i*] *ii«affltit), t£*4 <on±$iM 

<DJ 4 X;JS'>#< , S/NSVt*y 1^x7-1/- h^S^ 
[01] 0 1 14, *fPJ?lc^5a«Sta$m~-s/ K<D^ 

[H2] iii2(4, *^m\zgk%m%mK$}^v Yom 

[03] 03(4, *l§BJl^?,^ffifet5a^-i/ K<D^ 
[04] 04(4, *l§0^1^5a^;ffifei3%m^i/ Y<DW, 
[0 5] 05(4. *|gBJlC^^^Mffifci^^'> Ynm 

'So 

[in 6] Ei6(4, ^m^m^m%m.m)im^y Y<om 

3 <7? ^^JwSiJw^^MwW^SrlftB^i-^WffiElTfc 
[EI7] EI7(4. *l§B^!^S^ffifet?Jbm---> K<Dfg 
[E)8] 08(4, *|gPJi^S®^,ffitaam^^ Kco^ 
[EI9] 09(4, *|g^(^ff,S®^ffifei?^--y v<nm 
[0 1 0 ] El 1 0 (4, ^BJ(c^S^ffifci^m—-y K 

e (DMt&mnffif&zmm-rzmmmxhz,, 
m 1 1 ] ei 1 1 14, &*<DmimVi%)^v 

[eii 2] eh 2(4, m.%i&mm^v vizmvz, m 

[Ell 3] Ell 314. Hi 2WMfel;iffl^fc : i£#a>B^ 

[El 1 4 ] El 1 4 (4, *«W«-«S««e*i8!>*~-y K 
©I i <ogcto.m<nm&*%LW1rZ>¥-mmx'hz> a 

[Ell 5] Ell 5(4, *36WK:«*«*tffiffi»*^y K 
«5» 2 ro^flcWflJfl* ^^IftBJi-S^ffiEir'foSo 

[Ell 6] Ell 6(4, ^WtCffiSBSftettSbS^y K 
<75^ 3 <7) A^fiSJco^^lftBJi- -5 ¥BElT-fo So 

[Ell 7] Ell 7(4, *«Mlw«5»««Sta!i*'vy K 



[Ell 8] Ell 8(4, *ftW\z&%Wn&tii%i%;~>y K 

[Ell 9] Ell 9(4, K 

[EI2 0] El 2 0(4, *3SMJC»5fllftffia:a**— s/ K 

[EI2 1] El 2 1(4, *S§Sfjfc#S3?l (D^m<om%, 
«St»*^y KOT^j*#liSr^-r¥MEIT"*)-5o 
[EI2 2] El 2 2 14, «f l:#5^2(7)I*M»^ 

[EI2 3] El 2 3 (4, *Jg9§fcftS£ 3 «>Afl:M«3«iA 
tttt»*^y Kw^#W^1-¥ffiElT?fc-5o 
[EI2 4] El 2 4 (4, *«W^«4JS4 «>AflcM«>Sft 

[02 5] 02 5(4, **8lw«*»5.RtJ t je6 0>*#: 
Mwa^ffiet^b*— y Kco^^«ISr7r:-r¥ffi0-t : -fo 
5o 

[02 6] 02 6(4, «!Hlff5i7©MM»l^ 
[02 7] 02 7 14. *&W\z&%m%mi%)$k~-V K 
[028] 0 2 8 (4, *3glW{c«4BS*fi»iab*^y K 

<o^^nii^^i-qzffi0-efcs o 

[02 9] 0 2 9 (4, *«M^«5fl£StffifitS!i*^s/ K 

^'ro««ffiei«!i** ; F-)fi»ro«fiS;*^-t-Wfffiia-C*>5. 
[030] 03 0(4, #*03Kffi5rajM&ffiab*^5/ K 

[(213 l] 03 111 ^M^aftffigtaSlR^Srfflv^ 

1 -T^ KJS 

2-Ttta 

1 0 ■•±v— K® 
l i-#EfM»/i 

4 l •*-=3-fyu 

4 2 -at* 

4 3 

4 4-±«« 

4 K 
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4 6 -AB SB 

5 O-ffiS^y K 
5 1 K 



[01 ] 




5 Fay* y-*j(ktosm& 

5 3-"3BMftfr 

5 4-«t***bo»nat# 



[12] 




s. us* 

•7. *lf 7X 
5. /<«/71 (JHHIlf 

a. afer« 



■> 




[05] 



[06] 



4KSH 



K) Ai» r *KJi 

a. ami * ±MB 
1U 




J. W9 




2. T*g* 
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[19 9] 



[Ell 0] 





10. ±v-AK* 

6. 7'J-A 

7. wm'n?*m 



[011] 



1 0. -Lv-rt FA 




1 3] 



z-fn- 



.VAT 



SHUKT 



SAL 



[015] 



I.TSr-jfrHA 



.U. 




E p a 

cT>-/vK/7ia/a«rii/&£«/*«fiB/*a* 
dt->- a F/Tia/Hsr *B/s*«/*«*f/ift*»/ -» f 

eT*-* F^tft/Wmi/H* li/#fBajl/7 'J 7XM/± r J-* f 



[012] 




[014] 



111 h 
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